We derived the tree level spectrum to an extension to the linear sigma model, proposed by [1], describing an EFT for an SU(3) c gauge theory with N f flavors of fermions and N 1 fermions have a mass m l and N 2 fermions have a mass m h . We examined the effects of a small mass splitting on single mass data for 8 and 12 flavors of fermions corresponding to the unperturbed case. Our intention is to encourage more simulations of split mass theories with 8, 10 and 12 flavors of fermions.
Introduction
Recent lattice calculations [2] [3] [4] [5] [6] have found a light σ in SU(3) gauge theories with 8 and 12 degenerate flavors. Current studies of the η support the possibility that the breaking of the U(1) A symmetry, which depends in a distinct way on N f can explain the σ becoming lighter as N f increases [1] . It would be interesting to investigate whether the unexpectedly light states (e.g. σ ) persist when some of the fermions have a greater mass. Part of the spectrum for the 4+8 spectrum has been extracted numerically [6, 7] .
Lagrangian
We begin by defining a set of fields φ i j , as in [1] , which are N f × N f matrices transforming as
We use the parameterization for the fields
where the sum over α = 0, 1, ...,
where the first term is a canonical kinetic term and the remaining three components correspond to various breakings of the symmetries. The V 0 term corresponds to a U(N f ) L ⊗U(N f ) R invariant expression:
3)
The V a term corresponds to the breaking of the axial U(1) A symmetry and has the form:
The V m term, which is defined, 5) corresponds to a breaking of SU(N f ) V symmetry into a SU(N 1 ) v ⊗ SU(N 2 ) v and where,
Spectrum
The mass spectrum for this theory arises from the second derivatives of the potential with respect to the scalar and pseudoscalar fields. The pseudoscalar non-singlet spectrum can be compactly written as:
and the scalar spectrum spectrum can be written as:
where v 1 and v 2 are related to the vaccuum expectation values of S 0 and S 8 by the relations:
Unperturbed data
Before examining how the spectrum splits changes by small mass splittings, we want to examine both how the couplings change with respect to the mass of the fermions, and how the masses change as the chiral limit of the theory is approached. The couplings (mu,λ σ ,λ a0 etc.) are likely non-trivially related to the fermion mass and so it is important to examine how drastic the changes in these couplings are. In terms of the unperturbed spectrum derived in [1] it is possible to write the couplings as ratios of the spectroscopic data:
We can see in figure 1 that the couplings vary slowly over the range of fermion masses that are investigated. When we extrapolate the spectrum toward the chiral limit (figure 2), we find a surprising result that the σ and a0 masses for both the 8 and 12 flavor cases extrapolate close to zero or less than zero. Although the uncertainty in the 12 flavor case is significant, the uncertainties in the 8 flavor case are quite small and this suggests that either the model breaks down near the chiral limit or some unexpected behaviors namely a small a0 mass would be present and this would go contrary to our expectations that the heavier states such as the a0 could be integrated out. 
using the LatKMI data [3] 
Perturbative Results
We can linearly approximate the mass-split spectrum using the unperturbed masses by defining the seperation:
Using this definition we can write the splittings for the pseudoscalars:
and the scalars:
The numeric values for the splittings are listed in ), which is contrary to what is expected from QCD. A plot of the linear approximations are shown in 3; we have only used a linear approximation because the couplings, λ a0 , λ σ and X all evolve as the fermion mass changes. In order to examine any effects beyond first order, these non-linear effects to the couplings must be taken into account. ). We suggest examining this inversion for N 1 = 2 and N 2 = 6 and am 1 = 0.012 and am 2 = 0.015 which are parameters used by the LatKMI collaborations. The masses are small enough to have a clearly negative λ a0 and relative mass difference small enough to avoid large non-linear corrections and would be an effective first step in examining whether or not this inversion actually occurs.
